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57 ABSTRACT 
For an electro-optical display cell which manifests the 
electrochromic phenomenon to place the cell into the 
colored state or bleached state in response to current 
supplied, a constant current driving technique is carried 
through in the color (write) mode and a constant volt 
age is carried through in the bleach (erase) mode. 

2 Claims, 10 Drawing Figures 

  



U.S. Patent Aug. 13, 1985 Sheet 1 of 5 4,535,329 

F G. 2 

  



U.S. Patent Aug. 13, 1985 Sheet 2 of 5 4,535,329 

F. G. 3 (O) { g ) 

F G. 3 (b) 



U.S. Patent Aug. 13, 1985 Sheet 3 of 5 4,535,329 

F. G. 5 

  



U.S. Patent Aug. 13, 1985 Sheet 4 of 5 4,535,329 

F. G. 6 

  



U.S. Patent Aug. 13, 1985 Sheet 5 of 5 4,535,329 

F. G. 8 

CL 

W 

SS1 

Ch1--- l- l 

C1---- 
H1-l-l- 
P1-- 

F. G. 9 

  



4,535,329 
1. 

CONSTANT CURRENT/CONSTANT VOLTAGE 
DRIVE FOR AN ELECTROCHROMC DISPLAY 

CELL 

This application is a continuation of application Ser. 
No. 370,154, filed Apr. 21, 1982, now abandoned, which 
is a continuation of Ser. No. 915,003, filed June 13, 1978, 
now abandoned. 

BACKGROUND OF THE INVENTION 

The present invention relates to a driving technique 
for an electro-optical display containing an electrochro 
mic material held in two electrode carrying support 
plates to manifest reversible variations in the light ab 
sorption properties upon current supplied. . 

It is an object of the present invention to provide an 
improved driving technique for an electrochromic dis 
play which is capable of enhancing legibility of a visual 
display provided by the electrochromic display with 
simplified cell construction and simplified driver cir 
cuit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects and novel features of the present inven 
tion are set forth in the appended claims and the present 
invention as to its organization and its mode of opera 
tion will best be understood from a consideration of the 
following detailed description of the preferred embodi 
ments taken in connection with the accompanying 
drawings, wherein: 
FIG. 1 is a cross sectional view of a basic structure of 

a solid state ECD; 
FIG. 2 is a cross sectional view of a basic structure of 

a liquid state ECD; 
FIG. 3(a) is a layout of a typical seven-segment nu 

meral display pattern, and FIG. 3(b) is a time chart; 
FIG. 4 is a basic circuit diagram of a constant poten 

tial ECD driver; 
FIG. 5 is a basic circuit diagram of a constant current 

ECD driver; 
FIG. 6 is a basic circuit diagram of a constant voltage 

ECD driver; 
FIG. 7 is a basic circuit diagram of an ECD driver 

embodying the present invention; 
FIG. 8 is a practical circuit diagram of an ECD 

driver embodying the present invention; and 
FIG. 9 is a time chart showing various signals occur 

ing within the circuit of FIG. 8. 
DETAILED DESCRIPTION OF THE 

INVENTION 

An electrochromic material is one in which the color 
is changed by the application of an electric field or 
current. See, for example, L. A. Goodman, "Passive 
Liquid Displays', RCA Report 613258. There are two 
types of electrochromic display referred to as ECDs. In 
one kind, the color variation is produced by a change in 
the opacity of an inorganic solid film. A typical device 
structure is shown in FIG. 1, wherein a transparent 
insulating substrate is denoted as 1; a display electrode is 
denoted as 2; a counter electrode is denoted as 3; a 
reference electrode is denoted as 4; a spacer is denoted 
as 5; an electrolyte is denoted as 6; an electrochromic 
film is denoted as 7; and an insulating film is denoted as 
8. In the illustrated example, the electrochromic mate 
rial is deposited on the counter electrode. The inorganic 
film 7 commonly used for electrocoloration is tungsten 
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2 
oxide (WO3) and molybdenum oxide (MoC)3) with a 
thickness of approximately lum. The electrolyte 6 is a 
mixture of sulfuric acid, organic alcohol such as glyc 
erol, and fine white powder such as TiO2. The alcohol 
is added to dilute the acid and the pigment is used to 
provide a white reflective background for the color 
ation phenomenon. The thickness of the liquid is usually 
about 1 mm. The back electrode is properly selected for 
effective operation of the device. 
The amorphous WO3 film is colored blue when cur 

rent flows from the counter electrode 3 to the display 
electrode 2, with the degree of coloring proportional to 
the amplitude of flowing charge. The blue color is di 
minished or bleached when the polarity of the applied 
voltage is reversed. This is termed bleaching. 
The coloration of the film apparently is produced by 

the injection of electrons from the transparent electrode 
and hydrogen ions (protons) form the electrolyte. 
Bleaching occurs because the electrons and protons are 
returned to their respective starting electrons when the 
polarity is removed. The color will remain for several 
days even after the color voltage is removed (the mem 
ory effect). 
The second type of ECD utilizes an electrically 

induced chemical reduction of a colorless liquid to pro 
duce a colored, insoluble film on the cathode surface. In 
the absence of oxygen, the colored film remains un 
changed as long as no current flows. However, the 
coloration will disappear gradually in the presence of 
oxygen. This is termed fading. Reversing the voltage 
causes the film to dissolve into the liquid with the con 
current erasure of the color. The colorless liquid that 
met with the most success so far is an aqueous solution 
of the conducting salt, KBr. and an organic material, 
heptylviologen bromide, which is the material that pro 
duces a purplish film upon electrochromic reduction. 
Typical voltages are about 1.0 VDC. 
The basic cell structure is illustrated in FIG. 2. A 

glass substrate is denoted as 9; a back or counter elec 
trode is denoted as 10; display electrodes are denoted as 
11, a viologen mixture liquid is denoted as 12; and a 
spacer is denoted as 13. The fluid thickness is normally 
about 1 mm thick. The viologen-based ECDs can be 
used in a transmissive mode if both electrodes are trans 
parent or in a reflective mode if a white reflective sub 
strate is mixed in with the clear electrochromic liquid. 
Although the operating principle of ECDs has been 

discussed above, ECDs have the following characteris 
tic features; 

(1) the viewing angle is extremely wide 
(2) contrast is very high and is independent from the 

viewing angle 
(3) low voltage drive (below several volts) 
(4) memory effects are expected, which maintains the 

coloration state for several hours through several 
days after the removal of the coloration voltage 

(5) the coloration degree is determined by the charge 
amount flowing through a cell 

(6) energy consumption is proportional to the area for 
display and the number of the repeated coloration 
bleaching cycles. 

The ECDs are desirable for a display means of a porta 
ble electronic apparatus because they operate at a low 
voltage generated from a power cell. 

Generally, there are three types of driving methods 
for ECDs. That is, the ECD is drived in a method either 
one of the constant potential type, the constant current 
type and the constant voltage type. 
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(1) CONSTANT POTENTIAL DRIVE 
FIG. 2 shows a typical driver circuit of the constant 

potential type. In the constant potential type, the volt 
age applied to the counter electrode 3 is controlled so 
that a voltage difference between the display electrode 
2 and the reference electrode 4 is maintained at a prede 
termined value U. When the display electrode 2 is held 
at a potential lower than that of the reference electrode 
4 by more than a predetermined value, or a threshold 
level Eth, the coloration operation is conducted. Con 
trarily, when the display electrode 2 is held at a poten 
tial higher than that of the reference electrode 4 by 
more than the threshold level Eth, the display electrode 
2 is bleached. 

In the driver circuit of FIG. 2, the display electrodes 
are selectively connected to the ground potential. 
Therefore, when the predetermined value U is selected 
at a positive value, the display electrode potential be 
comes lower than the reference electrode potential. The 
driver circuit of FIG. 2 includes a linear amplifier 14 
and segment selection switches 15. 
Although only one segment selection switch 12 is 

illustrated in FIG. 2, the segment selection switches 12 
are provided for each of the segment electrode 2 in 
order to properly select the display electrodes or the 
segment electrodes. 

FIG. 3(a) shows a layout of a typical seven-segment 
numeral display pattern, FIG.3(b) shows display condi 
tions of numerals 1 through 0, and signal waveforms 
applied to the respective display electrodes of FIG. 
3(a). 
The coloring and bleaching modes are accomplished 

by closing desired ones of the segment selection 
switches. As long as the segment selection switches are 
opened, these segments are held in the memory state as 
they are, without any influence of other segments when 
energized. Although this technique makes it possible to 
equate the coloring degrees among the segments while 
keeping the potential difference between the two inter 
faces, it needs the third kind of electrode, namely, the 
reference electrode and the linear amplifier with ac 
companying complexity in cell structure and circuit 
construction. 

(2) CONSTANT CURRENT DRIVE 
FIG. 5 shows a typical driver circuit of the constant 

current type, which mainly comprises a constant cur 
rent source 16. A write/erase switch 17 is provided and 
opened when it is desired to place the segment elec 
trodes 2 in the memory state. The terminals W are for 
the coloration operation, the terminals E are for the 
bleaching operation, and the terminals M are for the 
memory function. 
The constant current drive has the advantage that the 

coloration degree can be set at a desired value by proper 
selection of the amplitude of charge flowing. More 
particularly, the coloration degree can be maintained 
constant when the resistance of an electrode lead region 
presents a severe problem with voltage drop or when 
the characteristics of the electrochromic material vary 
from cell to cell. It is also possible to supply constant 
current despite variations in the ambient temperature. 
However, if there is a slight difference between the 
charge amplitude in the write mode and that in the erase 
mode, such an error will be increasingly accumulated 
for the repeated write-erase cycles and the reaction will 
be therefore biased in one direction. In the case where 

10 

5 

20 

25 

30 

35 

40 

45 

55 

60 

65 

4 
the charge amplitude in the write mode is greater than 
that in the erase mode, the coloring operation will be 
much encouraged and complete erasure will become 
almost impossible. Contrarily, when the charge ampli 
tude in the write mode is smaller, current will keep 
flowing after the erasure and cause such undesirable 
side reactions as decomposition of the electrolyte and 
degradation of the respective electrodes. 

(3) CONSTANT VOLTAGE DRIVE 
FIG. 6 shows a typical driver circuit of the constant 

voltage type, which mainly comprises a coloration con 
stant voltage source 18, a bleaching constant voltage 
source 19, and a selection switch 20. This technique 
offers circuit simplicity much as compared with the 
above discussed two drive techniques and shows the 
highest efficiency of energy utilization. The constant 
voltage drive is thus desirable to battery-powered low 
power dissipation apparatus. 

Voltage is applied effectively to the interface with the 
display electrode in the erase Inode because of the na 
ture of the tungsten oxide film which shows a high 
resistance in the erase mode. This eliminates the neces 
sity for a voltage high enough to cause the undesirable 
side-reactions and enables erasure with a high response 
speed. However in the color mode, the voltage drop 
appearing at the interface with the counter electrode 
provides the adverse effects which cause variations in 
the potential difference at the interface with the se 
lected ones of display electrodes. The coloring degree 
of the respective segments varies each time the total 
area for a visual display changes, thereby degrading 
legibility of a visual display. 
Although the advantages and disadvantages of the 

respective drive manners have been discussed, accord 
ing to the present invention, the constant current drive 
is carried through in the write mode and the constant 
voltage drive is carried through in the erase mode. The 
present invention takes advantages of the merits of both 
drive techniques while keeping down the demerits of 
both drive techniques. In other words, the present in 
vention avoids complexity in cell structure and drive 
implementation due to the third electrode and the ana 
log linear amplifier, variations in the coloring degree, 
and the undesirable side reactions while in the erase 
mode. 

In FIG. 7 a basic drive circuit of the present invention 
is shown, which includes a write/erase selection switch 
23. The selection switch 23 is turned toward a constant 
current source 21 in the write mode and turned toward 
a constant voltage source 22 in the erase mode. The 
memory state is kept when the switch 23 is open. In 
FIG. 7 W denotes a write terminal, M denotes a mem 
ory terminal and E denotes an erase terminal. 
FIGS. 8 and 9 are a circuit diagram and a time chart 

of one preferred form of the present invention. FIG. 8 
shows three segments for illustration only, wherein 3 
denotes the counter electrode, S1 to S3 denotes the seg 
ment electrodes, TS1 to T3 denote segment selection 
analog switches, TC1 to TC3 denote write current value 
selection switches, TE denotes an erase switch, RO to R3 
denote resistors, T1 to T,4 denote transistors, D and R5 
denote a diode and a resistor both provided for sup 
perssing variations in the characteristics of the transis 
tor Tr3 when operating within the active regios, R4 
denotes a resistor, CL denotes a clock signal for a D 
type flip flop 24, W denotes a coloring timing signal, E 
denotes a bleaching timing signal, S1 denotes a segment 
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signal having a high level specifying the colored state of 
the segment S1 and a low level specifying the bleached 
state thereof, and - V1, -V3, --V2, --V4 denote power 
sources. These signals CL, W and E are common to all 
the segments. A change in the display pattern occurs at 
the trailing edge of the clock signals CL. The period of 
the change is equal to or an integral multiple of the 
period of the clock signals CL. 
The circuit of FIG. 8 will operate in the following 

manner. A variation in the segment signal is evaluated 
by an exclusive OR logic 25 which also receives the Q 
output of a D type flip flop. 24. The segment signal 
assumes a high level only for the period of CL, which is 
named Ch. The signal Chi remains at a low level as 
long as no variation is sensed. The coloring timing sig 
nal W develops at the output G of the OR logic 26 in 
the case where the signal Sci is at a high level and the 
bleaching timing signal E in the case where the signal 
Ss is at a low level. A logic product of the signal Chi 
and G is the signal C1. In other words, only when a 
change happens to the segment signal Sol, such changes 
from 'L' to 'H' and from 'H' to 'L' allow the color 
ing timing signal W and the bleaching timing signal E to 
appear on the signal C1, respectively. 
The coloring or bleaching current is supplied to only 

the segment or segments of which the display state is to 
be changed, thereby saving power. Meantime, these 
segments of which the display state is common to a 
specific display pattern to another are supplied with 
current by taking advantage of the memory effect inher 
ent to the ECD. 
A logical product of the signal C1 and the write tim 

ing signal W is the input signal H1 applied to the current 
value selecting to switch Tc1. That input signal is con 
nected to the power source - V1 when at a high level. 
A logical product of the signal C1 and the bleaching 
timing signal E is the signal P1. A logical sum of the 
signals P1, P2 and P3 is the input signal K applied to the 
erase switch TE, which is connected to the power 
source --V2 when at a high level. Though only the 
segment signals Sci is shown, other segment signals 
control T2, Tc2, T3 and Tc3 similarly. 
Assume now that the segment signal Sc1 changes from 

a low level “L” to a high level 'H'. The single coloring 
timing signal W appears on the signals C1 and H1, turn 
ing on the switches T1 and Tcl at the same time. There 
fore, the power supply - V1 is conducting to turn on 
the transistor T-1 and turn on the diode D and the tran 
sistor T3. If the characteristics of the diode D resembles 
that of the base junction of the transistor T3, the collec 
tor current of the transistor T-3 will be equal to the 
collector current of the transistor T2. 

Since as seen from the drawings the collector current 
of the transistor T1 approximates V1/R1, the transistor 
T3 attracts constant current effective to color the seg 
ment S1. In the case where both the segment signals S1 
and Ss2 change from a low level to a high level at the 
same time, the transistors Tcl and T2 are turned on so 
that the constant current 

1 P(+ iy) 
flows into the counter electrode to color the segment 
S1 and S2. 
The amount of the constant current is varied in accor 

dance with the number of the segments requirring a 
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6 
change in the display state, carrying out the constant 
current drive in the color mode. Provided that the resis 
tors R1, R2 and R3 are such selected that the reciprocals 
of these resistors, 1/R1, 1/R2 and 1/R3 are in agreement 
with rations of areas of their associated segments S1, S2 
and S3, the total area of the segments to be colored will 
be propertional to the constant current value. This 
makes the amplitude of charge flowing per a unit area 
constant, unifying the coloring degrees among all dis 
play patterns. 

Nevertheless, the following fact should be noted in 
carrying out the constant current drive. Voltage should 
increase in a sense to supply constant current value 
when a considerably large current value is fixed or 
when the coloring degree of the counter electrode is 
short (WO3 film shows a high resistance in the bleach 
ing node). If the voltage increases too much, the unde 
sirable side reactions will happen to the cell to degrade 
the cell performances. To this end the transistor T3 of 
FIG. 8 is adapted to plung into the saturated region 
from the active region when the write voltage increases 
to some extent, thereby carrying out the constant volt 
age drive. This can be accomplished by a proper selec 
tion of the power supply --V4 and the resistor R5.The 
power supply --V4 should not be too high and more 
than 3 volts should not be applied inside the cell. 
The bleaching is carried out below. When at least one 

of the segments S1 to S3 changes from "H' to 'L', the 
signal bleaching tuning signal E develops on the output 
K and at least one of the outputs C1, C2 and C3 which 
corresponds, to turn on the switch TE and the segment 
selection switch (at least one of Ts1, T2 and T3). As a 
result, the power supply --V2 is conducting to turn on 
the transistors T2 and T4. The corresponding segment 
selection switch is turned on simultaneously. Current, 
therefore, flows to bleach the corresponding segment. 
Since the transistor T4 operates within the saturated 
region, the constant voltage drive (approximately -V3) 
is carried out. 
While only certain embodiments of the present inven 

tion have been described, it will be apparent to those 
skilled in the art that various changes and modifications 
may be made therein without departing from the spirit 
and scope of the invention as claimed. 
What is claimed is: 
1. A display system comprising: 
an electrochromic display having a predetermined 
number of display segments having at least on and 
off display states, each of said segments being asso 
ciated with individual display electrodes and all 
associated with a counter electrode; 

writing means for applying constant current to said 
counter electrode to place said display in an on 
display mode; 

erasing means for applying a constant voltage to said 
counter electrode to place said display in an off 
display mode; and 

selection means for connecting the display electrodes 
associated with display segments desired to be 
changed to ground, said selection means further 
energizing said writing means or said erasing means 
in correspondence with the display mode desired; 

said writing means varying the magnitude of current 
applied to said counter electrode in correspon 
dence with the numbers of display segments to be 
placed in an on display state. 

2. A display system comprising: 
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an electrochromic display having a plurality of dis 
play segments, each of said segments being associ 
ated with individual display electrodes and all asso 
ciated with a counter electrode; 

writing means for applying one of a plurality of con 
stant current levels to said display to place said 
display in an on display mode; 

erasing means for applying a constant voltage to said 
display to place said display in an off display mode; 10 
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8 
means for selecting those display segments desired to 
be changed and for connecting respective ones of 
said display segments to a node; and 

means responding to said connections of each said 
segment by said writing means for applying one of 
said plurality of constant current levels to said 
display counter electrode to Supply each segment 
with a constant current of a predetermined desired 
magnitude. 

sk : k s c 


